Plants are important sources of biologically active natural products which differ widely in terms of structure and biological properties. Some of the isolated plant constituents such as flavonoids, tannins, alkaloids, terpenes and others are responsible for many biological activities, such as analgesic activity, antiinflammatory activity, antiviral activity, antispasmodic activity, antiallergenic activity, and others. 19) We can attribute this to the molecular diversity of these products.
Many human physiological activities such as stimulation of phagocytic cells, host-mediated tumor activity, and a wide range of anti-infective actions have also been assigned to different compounds. 7) One of the biological activities of plant compounds that has attracted great interest is the capacity to stimulate macrophages. Macrophages are known to play an important role in host defense mechanisms. Being the first cells to participate in the immunological response, macrophages can be activated by a variety of stimuli and their principal functions include the phagocytosis of foreign particles, showing the presence of antigens, and the production of cytokines and of the intermediate compounds of oxygen (H 2 O 2 ) and nitrogen (NO). 4) Recent studies have also suggested that H 2 O 2 plays an important role in the functions of macrophages. 3, 11, 16, 17) Currently, there is a strong tendency to study natural compounds that may be involved in the modulation of the immunological system. A variety of materials derived from plants pertaining to the different classes of active agents have been reported to stimulate the immune system, with macrophage stimulation occurring in many cases. 1, 2, 4, 7, [9] [10] [11] [12] [13] [14] [15] 18) A simple, rapid and inexpensive method to measure the hydrogen peroxide (H 2 O 2 ) produced by cells in in vitro culture is based on the horseradish peroxidase (HRPO)-mediated oxidation of phenol red by H 2 O 2 which results in the formation of a compound demonstrating increased absorbance at 620 nm.
The products of the oxidative burst are used to kill phagocytosed pathogens and for the extracellular destruction of other cells. In addition to H 2 O 2 and O 2 Ϫ , two other highly reactive oxygen derivatives have been implicated in the killing process, i.e., hydroxyl radicals ( · OH) and singlet oxygen ( 1 O 2 ). This coordinated sequence of biochemical reactions is initiated by an increase in oxygen uptake followed by the one-electron reduction of oxygen to superoxide anion (O 2 Ϫ ) using NADPH or NADH as the electron donor and catalyzed by an NAD(P)H oxidase. O 2 Ϫ is subsequently converted to hydrogen peroxide (H 2 O 2 ). 15, 16) While the relative importance of O 2 Ϫ , · OH and 1 O 2 in oxygen-dependent killing is still debated, the role of H 2 O 2 in both intra-and extracellular toxicity is well-established.
The objective of the present study was to investigate the effect of 27 natural products on mouse peritoneal macrophage functions by the liberation of H 2 O 2 . By determining the hydrogen peroxide (H 2 O 2 ) released in cultures of peritoneal macrophage cells from Swiss mice, we evaluated the action of 27 vegetable compounds (pristimerin, tingenone, jatrophone, palustric acid, lupeol, cladrastin, ocoteine, boldine, tomatine, yohimbine, reserpine, escopoletin, esculine, plumericin, diosgenin, deoxyschizandrin, p-arbutin, mangiferin, and others) using a 2 mg/ml solution of each compound (100 m mg/well). Key words natural product; macrophage; hydrogen peroxide and/or HPLC-UV methods. Purity was 95% or higher.
MATERIAL AND METHODS

Animals
Macrophage Cells and Determination of Hydrogen Peroxide (H 2 O 2 ) Using the in vitro culture method and natural products, we determined the reactive oxygen compounds. 15, 16) The method consists of the determination of the liberation of hydrogen peroxide (H 2 O 2 ) in the culture of peritoneal macrophages from Swiss mice. Peritoneal thioglycolate-elicited macrophages from naive mice were obtained as reported previously.
3) The peritoneal cavity was washed with 10 ml of cold phosphate buffered solution (PBS), the resulting suspension was pelleted at 4°C by centrifugation for 5 min at ca. 300 g, and the supernatant was removed. The cells were resuspended at a concentration of 2ϫ10 6 cells/ml in a solution of phenol red containing 140 mM NaCl, 10 mM potassium phosphate, pH 7.0, 5.5 mM dextrose, 0.56 mM phenol red, and type II horseradish peroxidase, 0.01 mg/ml, (Sigma). Aliquots of 0.1 ml were transferred to flat-bottomed 96-well culture plates (Corning). A 50 ml volume of the natural products solution (2 mg/ml, Sigma) or 50 ml of dimethyl sulfoxide (DMSO) was added. We used control without cells (culture mediaϩDMSO); control with cells (culture mediaϩ cellsϩDMSO); natural products dissolved in DMSOϩcul-ture mediaϩcells and positive control (Zymosanϩculture mediaϩcells). The samples were incubated for one hour at 37°C in a humid atmosphere and the reaction was stopped by the addition of 10 ml of 4 N NaOH. Experiments were run in quadruplicate. Absorbance was determined with an automatic ELISA photometer with a 620 nm filter. The results were expressed as nanomoles of H 2 O 2 /2ϫ10 5 peritoneal cells, from a standard curve established in each test consisting of known molar concentrations of H 2 O 2 in buffered phenol red.
Statistical Analysis Data are expressed as meanϮstan-dard deviation, and the Student's t-test was used to determine the significance of the differences between the control and experimental groups.
RESULTS AND DISCUSSION
Many of our present medicines are directly or indirectly derived from higher plants. While several classic plant drugs have lost much ground to synthetic competitors, others have gained a new investigational or therapeutical status in recent years. Clinical plant-based research has made particularly rewarding progress in the important fields of therapy, such as yohimbine in male sexual dysfunction, reserpine as an antihypertensive agent, and boldine for digestive dysfunction. 19) Diterpenoids isolated of plants from the genus Sideritis (Lamiaceae) have been used for their antiinflamatory and gastroprotective properties. 5) Reactive oxygen metabolites (H 2 O 2 ) have been suggested as potentially important signaling molecules in both intraand intercellular reactions in a number of different cell types. It has been well documented that reactive species such as hydrogen peroxide (H 2 O 2 ) are produced by activated inflammatory cells. Figure 2 shows the concentrations of the control group DMSO, of zymosan and of 27 natural compounds that presented a stimulatory effect detected by the determination of reactive compounds of oxygen (H 2 O 2 ).
18)
The present study indicates that some natural products possess stronger activity than zymosan. The data presented in Fig. 2 summarize the immune response expressed as nmol after 1 h of incubation of several natural products. The compounds with a higher modulatory activity on the immune system were 2 and 20, which were able to release 385.81 and 285. 16 Comparison among compounds 8, 9 and 10 showed a marked decrease in the immune activity when the COOH group is methylated. On the other hand, the introduction of a COOH group in the E-ring of 1 contributes to a decrease in the strong activity of 2.
The high activity of 20 was also strongly reduced by removing the methylenedioxide group and by introducing the isoprene unit into the A-ring, as shown in compounds 21 and 22. Alteration in the chemical structure of the A and B rings of the aporfinic alkaloids (12, 13) also led to a significant decrease in their activity. The activity of 12 was about five times higher than that of 13.
Although the activities of compounds 5, 13, 15, 17, 19, 27 were about ten times lower than that of zymosan, they were still higher than that of the control.
Comparison between compounds 23 and 14 showed that the sugar unit, the absence of the double bond and the nitrogenated E-ring of 14 did not significantly affect their activities, since compounds 23 and 24 presented a statistically identical activity.
Though the two coumarins (17, 18) did not present significant activity, in this case methylation of OH-6 led to a slightly higher activity of 17.
Compounds 3, 7, 9, 10, 11, 18, 21, 22, and 25 did not present any activity.
This note is the first communication of the activity of these purified components on macrophage cells.
Many immunomodulating agents such polysaccharides (e.g., zymosan), protein-bound lipopolysaccharides (LPS) and proteins (e.g., concanavalin A, phytohemaglutinin) have been of interest in clinical research 6, 14) which have been reported to act primarily on cellular rather than humoral immune responses to restore the immunocompetency of impaired hosts without hyperstimulating the normals. They augment macrophage chemotaxis, phagocytosis and promote interaction with other immunoregulatory lymphoid cells. 8) On the basis of the results obtained, we may conclude that natural products might contribute to the induction of immunostimulatory effects. However, further tests involving the 'oxidative burst' (O 2 Ϫ ), cytokines and NO production are needed.
Therefore their mechanistic pharmacology is likely to be complex. Further phytochemical and pharmacological investigations of these compounds is desirable too.
